It is known that the earliest lens marker d-crystallin is expressed abundantly in Rathke's pouch of the chicken, suggesting a close relationship between the cell states of the adenohypophysis (pituitary) anlage and the early lens. We show here that the zebra®sh midline mutants you-too (yot) and iguana (igu) develop lenses from the adenohypophysis anlage. The early adenohypophysis anlage of normal zebra®sh expresses lim3 and six3 but in yot ty119 mutants the anterior part of the anlage lacks lim3 expression, and instead produces a crystallin-expressing cell population which develops into a large lens structure expressing b and g-crystallins, but is not associated with retina tissues. Among the zebra®sh mutants with midline defects, midline lenses were observed in two mutant alleles of yot and an allele of igu, but not in other mutants (syu, con, smh, dtr, uml, spi and lok). Two yot mutant alleles with midline lenses likely encode dominant negative forms of the Gli2 protein which will interfere with transcriptional activation by other Gli proteins. The observation argues that overall inhibition of Shh-Gli signaling leads the adenohypophysis anlage to transdifferentiate into lens. q
Introduction
Normal lenses develop from primitive head ectoderm by inductive in¯uence of the retina primordium and other cephalic tissues (Grainger, 1996; Kondoh, 1999; Saha et al., 1989) . The induced region of the ectoderm thickens to form a lens placode, invaginates, becomes isolated from the ectodermal layer, and then forms a rudimentary lens. Soon after their birth, cells in the rudimentary lens differentiate into two populations, elongated lens ®ber cells and lens epithelium covering the external surface of the lens ®ber mass. As the lens develops, the developing retina surrounds it.
Lens differentiation is accompanied by expression of crystallin genes encoding major lens structural proteins. Chicken embryos have been used to study the initial steps of lens development, partly because d-crystallin, present only in aves and reptiles, provides the earliest marker of lens differentiation. d-Crystallin expression is initiated in the lens placode stage and is maintained in both lens epithelium and lens ®bers after a lens is structured (Kondoh, 1999) . In other vertebrate species lacking d-crystallin, crystallins are expressed after the placodal stage. In chicken embryos, it has been noted that d-crystallin is also expressed transiently at a fairly high level in Rathke's pouch, the anlage of the adenohypophysis (Barabanov, 1977; Kamachi et al., 1998; Ueda and Okada, 1986) , which has been taken to imply a close relationship of the cell state between the early lens and the adenohypophysis anlage.
The anlage of the adenohypophysis in a wide range of vertebrate species is marked by the coincident expression of two transcription factors; Lim3 (Taira et al., 1993) and Six3 (Oliver et al., 1995) . In most species, the adenohypophysis anlage takes the form of Rathke's pouch which forms as oral ectoderm invaginates toward the hypothalamic region of the www.elsevier.com/locate/modo ventral diencephalon. In teleosts, the adenohypophysis anlage does not develop as an epithelial pouch but as a cell mass which coalesces along the ventral midline of the diencephalon (Glasgow et al., 1997) . The adenohypophysis develops under the in¯uence of signals emanating from the ventral diencephalon, in particular those from the hypothalamic region (Sheng and Westphal, 1999) .
Over the past few years, a number of zebra®sh mutations were isolated because they cause various defects in midline development Karlstrom et al., 1996) . Several of these mutations were shown to result in defects in forebrain formation, including in the hypophysis region (Karlstrom et al., 1999) . Two of these mutations have been recently shown to encode members of the hedgehog (Hh) pathway, a signaling cascade important for ventral midline patterning in the CNS. The you-too (yot) locus encodes the Hh responsive transcription factor Gli2 (Karlstrom et al., 1999) , while the sonic-you (syu) locus encodes sonic hedgehog (Shh) itself (Schauerte et al., 1998) .
Although the origin of adenohypophysis anlage is distinct from that of the lens (Couly and Le Douarin, 1985) , fairly high expression of d-crystallin in Rathke's pouch of the chicken embryos suggests that part of the genetic mechanism for lens differentiation may be transiently operating as part of the program for adenohypophysis development. Based on this model, we predict that under certain conditions, cells in the anlage of the adenohypophysis might develop as lens tissue rather than adenohypophysis, which belongs to`transdifferentiation' (Okada, 1991) in the sense of deviation from the normal cell lineage. We report here that this transdifferentiation of adenohypophysis into lens does in fact occur in you-too mutants as well as in a related mutant, iguana.
Results

Development of ectopic midline lenses in yot mutant embryos
During the characterization of retinotectal axon guidance defects in yot mutants (Karlstrom et al., 1999 , lenslike structures were observed at the ventral midline of the diencephalon, just posterior to the region of the optic chiasm (Fig. 1A) . We ®rst con®rmed that these apparent lens structures expressed lens-speci®c markers in larvae at 72 h of development. Normal larvae (Fig. 1B) and homozygous yot ty119 mutants (Fig. 1C) were immunohistologically stained using a monoclonal anti-b-crystallin antibody (Sawada et al., 1993) . As shown in Fig. 1C , yot mutants have spherical to oval-shaped structures in the ventral forebrain that strongly express b-crystallins and look similar to normal lenses. These structures never occurred in wild type larvae (Fig. 1B) .
Cross-sections through the heads of yot ty119 homozygous mutants show that the spherical lens structures are located ventral to the diencephalon and have tissue organization indistinguishable from the authentic lenses in the eyes (Fig. 1D±F ). These midline lenses have clearly discernible epithelial and ®ber compartments (Fig. 1F) . The ®ber compartment of the midline lens express not only b-crystallins but also g-crystallins as indicated by immuno¯uores-cent staining (Fig. 1G) . Thus, based on morphology and the expression of lens speci®c markers, we conclude that authentic lens tissues develop in an ectopic location close to the midline of the ventral diencephalon in yot ty119 homozygotes.
It was noted that the midline lenses in the yot ty119 mutants are not associated with retina-like structures as judged by hematoxylin±eosin staining, and the adenohypophysis normally attached to the ventral side of the diencephalon is missing (Fig. 1D,E) . This suggested that the midline lenses develop in place of the adenohypophysis. Based on the observation that d-crystallin is expressed in Rathke's pouch in the chicken embryos (Barabanov, 1977; Kamachi et al., 1998; Ueda and Okada, 1986) , we felt it likely that the midline lenses arose directly from the adenohypophysis anlage.
Development of the lens tissues from the prospective adenohypophysis
To identify the origin of midline lenses in relation to the adenohypophysis anlage we examined embryos at 22±30 h of development for expression of lim3, six3 and b-crystallin. The earliest adenohypophysis precursor which develops around these stages is marked by co-expression of lim3 and six3 in normal embryos (Glasgow et al., 1997; Kobayashi et al., 1998) . At 22±24 h, expression of six3 is comparable between wild type and yot ty119 mutant embryos including in the most rostral portion of the embryo where the adenohypophysis anlage forms ( Fig. 2A ,B,J,K). Therefore, the cell population that forms the adenohypophysis seems to be initially present in yot ty119 mutants. In contrast, expression of lim3 is absent at 22 h in the adenohypophysis anlage region of yot ty119 mutant embryos, while expression in other tissues is not signi®cantly affected (Fig. 2C,D) . b-Crystallin is expressed in the region of the adenohypophysis anlage in yot ty119 mutants prior to 26 h of development ( Fig. 3A for a 26 h specimen, Figs. 2E,F and 3B,C for 30 h specimens). These data suggest that the cells in the adenohypophysis anlage do not differentiate correctly at an early stage, and instead begin to differentiate as lens tissues.
At 30 h of development, about half of mutant embryos totally lack lim3 expression in the adenohypophysis anlage (Fig. 2H) while the remaining mutant embryos begin to express lim3 at a low level in the more caudal side of the anlage (Fig. 2I , compare with Fig. 2G ). This implies that the anterior region of the adenohypophysis is more affected than the posterior region by the yot ty119 mutation, and is consistent with initiation of b-crystallin expression in the anterior edge of the adenohypophysis an age. six3 expression is also selectively reduced in the anterior region of the adenohypophysis anlage at 30 h ( Fig. 2M in comparison with Fig. 2L ). This downregulation of six3 expression is consistent with a transition from adenohypophysis development to lens development. In the normal lens, six3 expression occurs in an early period, but is quickly turned off (Kobayashi et al., 1998) .
At 48 h of development, the adenohypophysis anlage in wild type embryos expresses lim3 (Fig. 2N arrowhead) . In cross-sections, this lim3-expression is seen to be located between the diencephalon and the ventral epidermis (Fig.  2O ). In yot ty119 homozygotes this lim3 expression is largely missing, and instead clearly visible, re¯ecting lens structures were observed (Fig. 2P , white arrowhead). It was also noted that in about half of the cases, a small patch of lim3-expressing tissue was present caudal to the midline lenses (Fig. 2P , black arrowhead). As seen in cross-sections, the midline lenses are located in the space between the homozygote at 48 h showing a lens-like structure close to the midline (arrowhead) under differential interference contrast optics. The embryo was labeled with the ZN-5 antibody to show that retinal ganglion cells have defects in axon guidance across the midline . (B,C) Normal (B) and yot ty119 homozygous (C) larvae at 72 h labeled with an anti-b-crystallin antibody. yot ty119 homozygotes have a third lens between the eyes (arrowhead). (D,E) Cross-section through the adenohypophysis region of a normal (D) and a yot ty119 homozygous (E) larva at 72 h. In mutants, the adenohypophysis tissue normally present ventral to the diencephalon (d) is missing (D, arrowhead), but an additional lens is present close to the ventral midline. Note that no retina-like tissue is surrounding the midline lens (r, normal retina), and that this lens has both epithelial (e) and ®ber (f) compartments. (F) Enlarged views of a normal lens (nl) and a midline lens (ml) of a yot ty119 homozygote analogous to E, clearly showing lens epithelia (e) and lens ®ber (f) masses. It should be noted that in ®sh the lens epithelium thoroughly covers the lens ®ber mass, in contrast to the cases of amniote or amphibian lenses having only anteriorly located epithelium. (G) Immuno¯uorescent labeling of gcrystallins in a section analogous to that shown in (E), demonstrating g-crystallin expression in the midline lens (arrowhead). g-Crystallin expression was con®ned to the lens ®ber compartment in both normal and midline lenses. The¯uorescent arc in the dorsal part of the midline lens re¯ects a crack in the ®xed lens ®ber mass. diencephalon and the ventral epidermis (Fig. 2Q , white arrowhead), and in some cases the lens tissue is continuous with the remnant of adenohypophysis tissue expressing lim3 (Fig. 2R ). These observations indicate that the midline lenses originate from the adenohypophysis anlage which is affected by the yot ty119 mutation.
Morphological development of the midline lenses
Morphological development of the ectopic midline lens re¯ects the original tissue disposition of the adenohypophysis anlage. The ®rst sign of lens cell differentiation in the adenohypophysis region of yot ty119 mutant embryos appears around 26 h of development. b-crystallin expression ®rst becomes detectable at the anterior edge of the head (Fig.  3A) in roughly one-third of the embryos (Fig. 3G ). As the embryos develop to 30 h, the b-crystallin expression domain expands to the more caudal part of the adenohypophysis anlage, and the cells in this domain take on a rodshaped appearance (Fig. 3B,C) . After 40 h, b-crystallinexpressing rods are radially expanded (Fig. 3D) , and often become fragmented into spheroid lens tissues of various sizes (Fig. 3E,F) . By this time, all yot ty119 homozygous embryos develop detectable midline lenses, indicating full penetrance of the phenotype (Fig. 3G) . Later in development, only large lenses remain in the tissue space ventral to the diencephalon (Fig. 1C) , while small lens tissues disappear, reducing the frequency of midline lenses at 72 h (Fig. 3G) . No midline lenses were detected at 120 h of development, implying that the maintenance factor(s) to sustain development of these lenses is not available to the retina-free midline lenses. It is known that normal lenses also regress when retina is removed (LeCron, 1907) .
Genetic requirement for the midline lens development
yot belongs to a class of mutants with the shared morphology of ventrally curled body axes thought to result from defects in midline signaling in the trunk and ventral forebrain Karlstrom et al., 1996) . We inquired whether the midline lenses found in yot ty119 homozygotes are present in other midline mutants including: iguana (igu), sonic-you (syu), chameleon (con), schmalhans (smh), detour (dir), umleitung (uml), spirale (spi) and locke (lok). The last two mutations result in curly tails but cause no appreciable midline defects . The weaker second allele of yot , yot ty17a was included in the analysis. At the 48 h stage, yot ty17a homozygotes have midline lenses in only two thirds of the embryos, in contrast to the 100% penetrance with the yot ty119 allele. Midline lenses are also signi®cantly smaller than those seen in yot ty119 mutant embryos (Fig. 3H,I ), likely re¯ecting the weaker nature of the allele. Among the other midline mutants, igu ts294e embryos also develop midline lenses in the same location as those seen in yot mutants (Fig. 3J) . Ectopic midline lenses were not seen in any of the other midline mutants examined (Table 1) . It is therefore likely that development of midline lenses is unique to the mutants of yot and igu.
Discussion
Zebra®sh midline mutants and hedgehog signaling
Many of the zebra®sh mutants with curled body axes generally also have defects in the ventral CNS Karlstrom et al., 1996) and somites . Since ventral differentiation in the CNS depends on Shh signaling mediated by the Gli family of transcription factors (Ding et al., 1998; Ruiz i Altaba, 1998; Sasaki et al., 1997) , the defects in these mutants suggested that they might encode genes involved in the Shh±Gli signal cascade. In fact, the syu gene encodes zebra®sh Shh (Schauerte et al., 1998) and yot encodes zebra®sh Gli2 (Karlstrom et al., 1999) , and dtr is implicated in Shh signaling pathway (Chandrasekhar et al., 1999) . Since Shh is strongly expressed in the ventral forebrain as it develops (Krauss et al., 1993) , ventral CNS defects of these mutants likely re¯ect the failure of normal transmission of the Shh signal emanating from the ventral forebrain. Although the overall phenotypes of yot and igu mutants are similar, the defects of affected tissues are signi®cantly different in detail Karlstrom et al., 1996; . For instance, motoneurons are defective in yot mutants but are not much affected in igu mutants . Nevertheless, the effect of the mutations is similar in the ventral side of the head as indicated by the neurocranial defects . These analogous effects of yot and igu mutations on the ventral head region are probably the basis of ectopic midline lens development in these mutants.
There are multiple Gli proteins in vertebrates, three in the mouse, having highly similar DNA-binding zinc ®ngers and with regulatory activities dependent on their role in mediating Shh signaling (Sasaki et al., 1999) . It has been demonstrated that the Gli2 protein has both activation and repression potentials (Ruiz i Altaba, 1999; Sasaki et al., 1999) , and C-terminally truncated Gli2 proteins, such as are predicted to result from yot ty119 and yot ty17a mutations, act as repressor proteins (Sasaki et al., 1999) . Such repressor forms of Gli2 protein are demonstrated to exert a dominant negative effect on gene activation by normal Gli1 or Gli2 proteins, and are likely to do so on Gli3-mediated gene activation (Sasaki et al., 1999) . Indeed, yot heterozygotes show a dominant phenotype in adaxial cell myoD expression , suggesting that in the homozygous situation the mutant proteins may attenuate activity of other Gli family proteins in addition to eliminating the activation functions of Gli2 itself. The observation that overexpression of Shh or dominant-negative protein kinase A produced Shh-dependent muscle pioneer cells in syu or con mutants, but not in yot mutants (Schauerte et al., 1998) is consistent with this model. The model predicts that Gli2 null mutants will exhibit a less severe phenotype than yot homozygotes in tissues which are dependent on activation functions of the Gli proteins. Indeed in Gli2-null mouse embryos (Ding et al., 1998; Mo et al., 1997 ), Rathke's pouch develops more or less normally and no midline lenses are formed (R. Sekido, CC. Hui and H. Kondoh, unpublished observation).
Analogy with talpid mutants of the chicken.
The nature of yot ty119 and yot ty17a mutations suggests that Hh signaling through Gli family transcription factors is impeded in the mutants. We therefore looked for previous records describing an analogous situation of perturbed Hh signaling. talpid 3 is a recessive homozygous lethal mutation of the chicken, and homozygous embryos develop short spade-like wings and various defects along the midline (Ede and Kelly, 1964) . The overall phenotype suggested that talpid 3 homozygotes have a defect in Shh signaling (Francis-West et al., 1995) , and experimental evidence indicates that the mutant tissues express Shh more or less normally, but lack response to the Shh protein (Lewis et al., 1999) , a condition which may be analogous to the case of yot homozygous mutants. It was reported previously (Ede and Kelly, 1964 ) that in talpid 3 homozygous embryos, Rathke's pouch is abnormal or almost absent and in some cases ectopic lenses are produced in the corresponding region of the head, although the possibility of transformation of adenohypophysis analge into lens development was not considered. Thus, it is likely that the mutational block in talpid 3 homozygotes creates a condition in the adenohypophysis very similar to that in yot homozygotes, and as a consequence cells in Rathke's pouch develop as lens.
Comparison of yot mutants with Lhx3 knockout mice
In yot mutant embryos, a consequence of the Gli2 defect was the absence of lim3 expression in the anterior part of the adenohypophysis anlage (Fig. 2) . In the mouse, absence of mLim3 (Lhx3) results in failure of development of Rathke's pouch into the adenohypophysis (Sheng et al., 1996) , suggesting that absence of lim3 expression may be suf®cient to cause the adenohypophysis defect in the yot mutants. In Lhx3 mutants, however, no lens developed to replace the adenohypophysis, indicating that absence of lim3 expression is, by itself, not suf®cient to give rise to the lens from the adenohypophysis anlage. It is known that expression of nk2.2, another adenohypophysis-associated transcription factor, is also missing in the yot mutants (Karlstrom et al., 1999) .
yot and igu mutations may act to de-repress lens development in the adenohypophysis anlage
In contrast to the case of normal lenses, lens development from the adenohypophysis anlage does not depend on induction by the retinal tissue. As suggested by d-crystallin expression in Rathke's pouch of the chicken embryo, the early adenohypophysis may begin a developmental program which can direct lens formation, even in wild type embryos (Fig. 4) . Transcription factors expressed in early lens tissues in the chicken, Pax6, Sox2/3 and Six3 for instance, are also expressed in Rathke's pouch (Bovolenta et al., 1998; Kamachi et al., 1998) . Although transcription factors essential for lens development have not been clari®ed in the zebra®sh, we feel it likely that an analogous scenario holds true for the relationship between the lens and adenohypophysis in zebra®sh embryos, and this is con®rmed at least for six3.
Since the adenohypophysis is able to form lens tissue in certain mutants with attenuated Hh signaling (zebra®sh yot and chicken talpid 3 ), we speculate that normally Hh signaling inhibits the potential of lens differentiation present in the adenohypophysis anlage (Fig. 4) . Thus, adenohypophysisderived lenses presumably arise not by a mechanism of positive induction but by an escape from a repression mechanism which is dependent on Gli-mediated Hh signaling.
Developmental implications of adenohypophysisderived lenses.
A prevailing view of global cell differentiation is that cells start from a primitive and simple state of differentiation and progressively become more diversi®ed. According to this view, cell states become more distantly related as development proceeds, and once a tissue anlage is committed to a particular developmental fate the cells within that anlage become unable to change to other differentiation pathways.
The discovery that the adenohypophysis anlage, a tissue clearly separated from tissue normally forming lens in the neurula stage (Couly and Le Douarin, 1985) , can undergo lens differentiation under speci®c genetic conditions is inconsistent with this prevailing view of progressive differentiation. As transient crystallin expression in Rathke's pouch suggests, rudimentary adenohypophysis tissue and lens tissue presumably share an important part of the gene regulation mechanism necessary for lens development. yot or igu mutations allow an overt shift of the regulatory mechanism to that of lens proper, possibly by a de-repression mechanism as discussed above. Thus, the distance between cell lineages does not necessarily indicate the distance between cell states. An interesting observation that lenses develop in the otic vesicle in six3 transgenic medaka ®sh (Oliver et al., 1996) corroborates this notion. This also raises an intriguing possibility that the potential to form lens may be due to the common placodal nature of the early lens, Rathke's pouch, and the otic vesicle.
The discordance between the cell lineage relationship and the kinship of cell state must be the basis of the wide range of phenomena collectively called transdifferentiation or metaplasia. Cases for transdifferentiation into lens have been particularly well documented (Okada, 1991) . For instance, the embryonic retina undergoes transdifferentiation into the lens under in vitro culture conditions. It is noteworthy that embryonic retinal tissue expresses transcription factors seen in the early phase of lens differentiation such as Pax6, Sox2/3 and Six3 (Bovolenta et al., 1998; Kamachi et al., 1998) . Perhaps a shared gene regulation mechanism provides the basis for transdifferentiation of the neural retina into the lens, analogous to the case of lens differentiation from the adenohypophysis anlage.
Additionally, it is well known that the dorsal iris of the newt and outer cornea of Xenopus laevis transdifferentiate into lens after removal of the lens. This transdifferentiation allows regeneration of the lens after injury (Bosco, 1986; Eguchi, 1988; Yamada and McDevitt, 1984) . It has now been shown that transcription factors involved in normal lens development are newly synthesized during this lens regeneration process (Mizuno et al., 1999; Schaefer et al., 1999) . It is thus becoming apparent that under some circumstances, cells can transdifferentiate to a second cell type, even when the two cell types are distantly related by lineage. For this transdifferentiation to occur, either the two cell types must share a basic mechanism of gene regulation, as is the case for adenohypophysis and lens anlage, or the transdifferentiating cells must newly initiate a differentiation program found in the second cell type, as is seen in the regeneration of lenses from dorsal iris of the newt and from outer cornea of Xenopus.
The zebra®sh and chicken mutants which produce lens cells from the adenohypophysis anlage clearly provide examples where genetic defects create the conditions for transdifferentiation. Attenuation of Gli-mediated Shh signaling seems to be required for production of lens tissues from the adenohypophysis anlage. A closer look at this phenomenon will allow precise de®nition of the conditions required for alteration of the cell fate, and provide a new insight into global cell differentiation.
Experimental procedures
Whole-mount immunostaining of embryos/larvae
Embryos or larvae were grown in 200 mM phenylthiourea and ®xed at 48C for 48 h with 3.5% paraformaldehyde in HEPES-buffered calcium/magnesium-free phosphatebuffered saline (PBS) (HCMF) at pH. 7.2. After a brief wash with HCMF, specimens were placed in methanol at room temperature for 5 min, then transferred to fresh methanol and kept in 2208C freezer. After returning to room temperature, the specimens were passed through a graded series of methanol (75, 50, 25 and 0%) made in PBS containing 0.1% Tween 20 by incubation for 5 min at each step. Proteinase K was then added to 10 mg/ml. Protease K treatment was performed at 378C for 10 min for embryos of 20±30 h, for 20 min for embryos of 36±48 h and for 30 min for embryos of later than 48 h and was terminated by washing twice with PBS±Tween 20 (0.1%) containing 2 mg/ml glycine. The specimens were incubated at room temperature for 30 min with 2% normal goat serum, 1% bovine serum albumin (BSA) and 1% dimethylsuhphoxide (DMSO) made in PBS±Tween 20. The specimens were then incubated at 48C overnight in hybridoma culture supernatant for anti-b-crystallin monoclonal antibody (Sawada et al., 1993) containing 1% DMSO. The specimens were washed with 1% BSA, 1% DMSO in PBS±Tween 20 four times at room temperature, and incubated in biotinylated anti-mouse Ig (Amersham) diluted to 1/100 with 1% BSA, 1% DMSO in PBS±Tween 20 at room temperature for 5 h. After washing with 1% DMSO in PBS±Tween 20 at room temperature for 30 min followed by washing with 1% DMSO in PBS at 48C overnight, samples were reacted with avidine±biotin complex (Amersham) diluted to 1/500 with 2% normal goat serum, 1% BSA and 1% DMSO in PBS± Tween 20 at room temperature for 3 h. They were then washed four times with 1% DMSO in PBS±Tween 20 at room temperature. Diaminobenzidine solution at 0.05% made in 50 mM sodium phosphate (pH 7.3) was added to the specimen and incubated at room temperature for 10 min. Then H 2 O 2 was added to 0.006% and color development was allowed to proceed for 15 min at room temperature. The reaction was terminated by washing twice with PBS± Tween 20 and post®xation with 4% paraformaldehyde in HCMF. After washing four times with PBS±Tween 20, specimens were passed through a graded series of glycerol (25, 50 and 80%) and photographed under a microscope.
In situ hybridization and immunohistology.
Whole-mount and section slide in situ hybridizations were done according to Kamachi et al. (1998) using the probes described by Glasgow et al. (1997) (lim3) and by Karlstrom et al. (1999) (six3) . Immuno¯uorescent staining of sectioned specimens was done by a standard method using anti-newt g-crystallin guinea pig antiserum (gift of Dr M. Okamoto) and¯uorescein-conjugated anti-guinea pig Ig goat antibodies (Jackson).
